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TIBERIO, GERALD J. A Fluorometrio Study of Carbamio 
Acids and Carbamates as an E~planation of Carbon Dioxide 
Transport in Blood. Department of Chemistry, August 15, 
1969. 
This research project was undertaken in order to 
determine the applicability of fluorometry as a means of 
studying the carbamate reaction of simple amino acids to 
model the physiological substrate hemoglobin. The following 
reaction is proposed: 
0 ,o + 




For the compound glycine, R equals -cH2- and for glycyl- 
glycine R equals -CH2-8-NH-CHz-. The reaction involves 
only the non-ionized alpha-amino group of the conjugate 
base species. In the case of respective esters of the 
acids, a similar reaction is proposeds It has been sug- 
gested that hemoglobin can combine rapidly and reversibly 
with co2 to form compounds of a carbamino type accord.ing 
to the scheme: 
HbNHCOOH HbNHCOO + Ht- 
In order to begin the research, a study of ethyl carbamate 
was made using fluorometric teclw.iques. It is a stable 
material readily available that conta1ns a carbamate group. 
The ca.rbamic acids are found only in solution. Flvo:rescence 
and pH dependency studies were performed on glycine, esters 
of glycine, glycylglycine, and propyl amine followed by 
2. 
subsequent studies of respec~ive carbamate formation. 
J. 
HISTORICAL INTRODUCTION TO THE CARBAMATE REACTION 
The loading and unloading of oxygen on the hemoglobin 
molecule in human blood is well substantiated and the 
mechanism involved is well understood. However, respira- 
tion also involves the transport of carbon dioxide as a 
waste product. This transport leaves many unanswered 
questions. There are three theories of carbon dioxide 
pick-up in the blood. They include dissolved carbonic acid, 
bicarbonate ions, and carbamates. The first two have been 
studied extensively. The carbamate theory has also been 
studied, however, no direct evidence of carbamate formation 
has been achieved. 
In 1905, c. Bohr(l) proposed the existence of a direct 
combination of co2 and hemoglobin. According to Bohr the 
reaction involved the heme group of the hemoglobin molecule. 
Also in 1905, S1efried(2) said carbamate formation was not 
peculiar to hemoglobin, but could be shown to form with a 
horse serum protein. 
In 1912 Hasselbach(J) observed a lower carbon dioxide 
tension of the aveolar air after administering a meat diet 
rather than an alkaline vegetarian diet. It was interpreted 
that an alkaline vegetarian diet brought about a greater 
increase 1n the alkaline reserve. In 1922, Alfred Chanutin 
4. 
(4) observed an influence upon the carbon dioxide-combining 
power of blood plasma after the ingestion of meat, glycine 
and alanine. From his results it is apparent that there 
1s always an increase in this combining power after adm1n1s~ 
ter1ng the respective substancese 
In 1925, Faurholt(5) demonstrated a direct combination 
of carbon dioxide and the amine group of the simple amino 
acids in aqueous mediums. 
By 1929, Henr1ques(6) had developed c. Bohr's original 
theory that a direct combination of carbon dioxide occurs 
with hemoglobin. He published a series of papers stating 
that 1n the presence of hemoglobin, carbon dioxide is evolve:i 
more rapidly from an evacuated bicarbonate solution than 
in its absence. Thus, Henriquds theorized that hemoglobin 
speeds the evolution of carbon dioxide from the blood in 
the lungs. Henrique~ conclusion about the accelerative 
property of hemoglobin is that an important part of the 
carbon dioxide in cell respiration doesn't exist only in 
previously proved manners(bicarbonates and carbonic acid), 
but also in the form of anhydrous carbon dioxide loosely 
bound to hemoglobin. However, Van Slyke(7) contended that 
all the carbon dioxide in hemoglobin solutions was due to 
carbonic acid and bicarbonates. By electrometric titration 
of alkali hemoglobinate solutions with HCl in the absence of 
carbon dioxide, Hastings objected to the carbhemoglobin 
5. 
theory as proposed by Henriques. In conjunction with 
Henriques, Margaria and Green(8) found that the greatest 
amount of carbon dioxide combining directly with hemo- 
globin as a carbamate was exactly equal to the oxygen 
capacity. In support of c. Bohr's theory they stated that 
carbon dioxide combined with just a single amino group of 
the oxygen linkage. 
In 1933, Meldrum and Roughton(9) described experiments 
on the rate of carbon dioxide uptake by the blood. The 
usual formation of bicarbonate is as follows: 
Meldrum and Houghton inhibited the bicarbonate formation 
with 0.1 M cyanide. The purpose of the cyanide was to 
destroy carbonic anhydrase, which catalyzes the formation 
of bicarbonate in blood. Their findings give support to 
Henrique's previously stated theory that carbon dioxide 
can combine rapidly and reversibly with hemoglobin in the 
following manner: 
HbNH2 + COz"' ': HbNHCOOH~ HbNHCOO- + H-t- 
Meldrum and Roughton attempted a direct analysis of carbon 
dioxide content 1n solutions. The method involves bringing 
the reaction to pH 12-lJ and converting all the H2co3 and 
HCOj to co3: A prepcipitation is carried out with excess 
6. 
BaCl2. Since the barium sal~s of the carbamino compounds 
are soluble, they are separated by centrifugation. From the 
carbon dioxide content of the fluid(by titration) the 
carbamate content can be calculated. Ferguson and Roughton·· 
(10) tried to develop the same method more quantitativ€1~. 
Their data infers that carbamino compounds are responsible 
for a significant part of carbon dioxide uptake by the blooq. 
In the respiratory cycle at rest they calculated about 15 p.c. 
of the total carbon dioxide tra.~sport by blood and about 
40 p.c. of the transport by the corpuscles may be accounted 
for by carbamino-hemoglobin compounds(p.c. is the number of 
c.c. of gaseous co2 (N.T.P.) per c.c.). Ferguson and Rough- 
ton also postulated that the number of free NH2 groups ln 
hemoglobin could increase with pH and thus the amount of 
carbamate formed was greater as pH was made more alkaline. 
Stadie and O'Brien(ll) described the carbamate equili- 
brium of the simple amino acids by the mass action law and 
subsequently interpreted hemoglobin and serum proteins in the 
same manner. Equations were developed from which equilibrium 
constants for hemoglobin-carbamate equilibrium could be 
calculated. Thus, over a range of conditions, the possi- 
bility of determining carbamate concentration was developed. 
From the constants developed for oxygenated and non-oxygenated 
hemoglobin, Stad1e and O'Brien proposed that one should find 
hemoglobin containing carbamat~ would bind oxygen less 
readily than hemoglobin cont~ining nont:'. Also,.that oxy- 
genated hemoglobin should bind carbon dioxide as carbamate 
less readily than reduced hemoglobin. Experimental evidence 
for the postulates of Stadie and O'Brien was found in Meldrwn 
and Roughton1s(9) studies. 
Roughton and Ross1-Bernard1(12) used a glycylglycine 
and carbon dioxide model for the study of the carbamate 
reaction. Instead of the barium precipitate analysis, 
they used a pH and pCOz electrode to measure carbon dioxide 
uptake. 
The afore-mentioned. methods of analysis, barium pre- 
cipitates and the pCOz electrode method have definite draw- 
backs. The barium carbonate is not suitable for such an 
unstable product. The pC02 electrode has a "lag" on response 
time and volumes necessary for measurement are impractical. 
Bruce R. Cassidy(lJ) at Union College decided to use ultra- 
violet absorption spectroscopy to seek evidence of actual 
carbamate existence. This course was taken because of access- 
ibility of ultra-violet spectrophotometers and a proposed 
alteration of ultra-violet spectra if carbamates could be 
formed on two simple amino acids. The absorptions of glycine 
and glycylglycine were well substantiated with subsequent 
studies on carbamate formation. The study gave no direct 
evidence or indication of direct chemical reaction of carbon 
dioxide with the alpha amino group of the amino acids studied. 
8. 
PROPOSED GOALS 
The following research was undertaken to provide a 
means of direct analysis of carbamate formation and to 
substantiate its existence. Itrts fully recognized that the 
literature has contradictory evidence, and in many cases, 
indirect evidence as to carbamate formation. The physio- 
logical importance of carbarnates should not be underesti- 
mated. 
A paper written by Didier Bertrand(l4) stated that 
glycine fluorescence maxima were observed at 45lmu and 5JJmu. 
It must be remembered that in all previous work on carbamate 
theory, the simple amino acids glycine and glycylglycine 
were often used as analagous models of hemoglobin. Since 
fluorescent characteristics of these compounds were cited 
in the literature, it was decided to study carbamates using 
fluorometr1c techniques. 
It was felt that a difference in fluorescent proper- 
ties of amino acids and their respective esters should 
occur upon the formation of a carbamate on the alpha amino 
group of the various compounds studied. If the proposed 
results could be obtained, direct evidence of carbamate 
formation could follow, as well as an improved analysis 
of percentages and pH dependencies. 
9. 
APPARATUS AND CHEMICALS 
The principle instrument used in the work was the 
Turner Model 110 Fluorometer(l5). It was used with a 
far-ultraviolet lamp and quartz cuvettes. Great care was 
taken as to filter compatibility and any overlaps were 
blanked out previous to the measurement. In addition to 
the spectrum of normal glass filters supplied, certain 
plastic and gelatin filters were used for allowing narrower 
bands of wavelengths to pass through. 
All pH measurements were taken with either a Leeds- 
Northrup 7405 pH meter or Photo-volt Model 110 electronic 
pH meter. Absorption data for certain of the compounds 
were taken on a Perkin-Elmer, model 202, recording ultra- 
violet-visible spectrophotometer. 
The buffer used ranged from pH 2.0 to pH 8.o and was 
a solution of citric acid and disodium phosphate. kny pH 
that was higher than 8.0 was obtained using sodium hydroxide 
in the glycine or gylcylglycine system. Since these amino 
acids and sodium hydroxide are themselves a buffer, the system 
chosen worked quite efficiently. 
1Nhen dealing with fluorescence, purity is of utmost 
importance. Even reagent grade chemicals are produced without 
fluorescence in mind. Purity problems arose with distilled 
water in rubber tubing, traces of soap in glassware, traces 
of potassium ion in pipes, leeching in glass cuvettes, and 
10. 
several problems with respect to chemical compounds used 
for the specific work. 
The original glycine used was found to be of inferior 
quality, and a switch to that produced by Fisher Scientific 
Company proved to be more reliable. The glycylglyc1ne was 
obtained from Pfansliehl Laboratories, Inc* Wankegan, Illinois. 
The ethyl carbamate was obtained from Matheson, Coleman, and 
Bell a.~d subsequent purification proved necessary to provide 
proof of fluorescence properties. The esters of glycine were 
obtained from Nutritional Biochemicals Corporation and no 
attempt was made to further purify these chemicals. 
Purity with respect to a carbon dioxide source was criti- 
cal and proved a difficult problem to handle. The original 
source was a lecture bottle from Matheson Gas Products of 
East Rutherford, New Jersey. The result was simply suffi- 
cient impurities in the "bone dry" carbon dioxide to cause 
erratic readings on the fluorometer. Since "research grade" 
carbon dioxide is extremely expensive, it was decided to find 
another carbon dioxide source. Solid carbon dioxide or 11dry 
ice" was readily available and inexpensive for the purpose at 
hand. Problems also arose as to the purity, but it was found 
by bubbling the sublimed gas through a concentrated solution 
of nitric acid followed by bubbling through distilled water, 
purity could be obtained before the sample, but.it was neces- 
sary to clean out the entire system quite frequently because 
the acid wash would only hold limited quantities of impurities. 
11. 
In order to prove conclusively that carbon dioxide 
dissolved in water does not exhibit fluorescence, a solu- 
tion of quite pure sodium carbonate was acidified. The 
fluorescence of the material was neglible before the pH 
change and was found neglible after the change. The lib- 
erated carbon dioxide 1n the acidic medium was definitely 
dissolved into the solution as it evolved, yet no change 
occurred in the fluorescent properties at the wavelengths 
excited with. Thus, carbon dioxide and water do not inter- 
fere with fluorescence measurements made on the subsequent 
studies of glycine, glycylglycine, or any of the glycine 
esters. 
12. 
FLUORESCENCE STUDIES OF ETHYL CARBAMATE 
In order to begin the project a thorough study was 
performed on ethyl carbamate, the molecular formula of 
which is as follows: 
The ethyl carbamate was chosen because carbamic acids are 
not available commercially and are relatively unstable ex- 
cept in solution. Ethyl carbamate is a stable material 
which can be purchased readily, and most important, contains 
a carbamate group. In conjunction with the initial research, 
a letter was written to Turner Associates of Palo Alto, Cal- 
fornia inquiring as to the fluorescent properties of the 
compounds subsequently discussed. The reply read in part11 
Glycine, glycylglycine, and carbamates, are not, to my 
knowledge, fluorescent. Fluorescence requires the presence, 
usually, of an aromatic struoture"(16). 
It was decided to proceed with the project even with 
dim prospects. Ethyl carbamate was studied with excitation 
wavelengths above 36omu and at concentrations below four 
percent by weight. Under these conditions, fluorescence 
was not obtained. Realizing the wavelengths at which excita- 
tion might occur, ethyl carbamate was excited at higher con- 
centations with a far-ultraviolet lamp using quartz cuvettes. 
The following measurements were taken with a primary filter 
lJ. 
which excited from 254mu to 405mu and a secondary filter 
which emitted at 405mu. The sensitivity was at lX: 
Table Number I 
FLUORESCENCE OF ETHYL CARBAMATE 










A pH study on ethyl carbamate was also performed 
with a primary filter exciting from 254mu to 405mu and a 
secondary filter emitting at 405mu. The sensitivity was 
set at lX and the results are as follows: 
Table Number II 









Table Number II Continued 
PH DEPENDENCY OF ETHYL CARBAMATE 
% Wt* Ethyl Carbamate lili Dial Reading 
16.0 3.80 20.5 
21.1 3.90 24.o 
27.8 3.90 48.5 
5.6 6.95 10.0 
10.8 7.10 40.0 
16.0 7.18 57.5 
21.1 7.20 86.o 
27.8 7.25 100+ 
5.6 6.05 8.0 
10.8 6.10 17.0 
16.0 6.18 21.0 
21.1 6.25 53.0 
27.8 6.32 52.5 
5.6 7.95 10.0 
10.8 8.15 20 .. 0 
16.0 s.20 21.5 
21.1 8.30 32. 0 
27.s 8 • .35 48.o 
5.6 8.70 3.0 
10.8 9.05 13.0 
16.0 9.08 18.0 
21.1 9ol5 23.0 
27.8 9.20 .35.0 
15. 
Since reagent grade ,~chemicals often have impurities 
which cause fluorescence, the ethyl carbamate was recrys- 
tallized several times to obtain utmost purity. The 
following readings were taken with a primary filter at 
254 mu, a secondary at 405 mu, and a sensitivity of lX: 
Table III 
PURIFICATION OF ETHYL CARBAMATE 












5 .. 0 4.o 
16. 
DISCUSSION OF ETHYL CARBAMATE: EXPERIMENTAL RESULTS 
The following graphs are plots of Tables I, II, and 
III. Graph I shows the initial fluorescence data found 
on ethyl carbamate. An obvious cause for question is 
deviations in linearity. Normally, fluorescent compounds 
exhibit linearity with respect to concentration. However, 
extremely high concentrations of materials lead to self- 
absorption of light resulting in deviations in linearity. 
It must be noted that high concentrations are often con- 
sidered anything above 1 ppm. Another cause for question 
is a slight filter overlap fou..~d. The spectrum of the 
two filters in question are given in the appendix. Over- 
lap was taken into account by blanking any possible 
incident light before each reading.was taken. 
Graph II exhibits 1ow fluorescence at pH's quite 
acidic, maximum fluorescence at pH 7 to pH 7.5, and 
low fluorescence at pH's past nine or higher .. According 
to the theory of carbamates, they should exist in moder- 
ately basic mediums, but at pH,•s not greater than 10. 
Thus ethyl car-barnatie , although the ester form, exhPlits 
optimum fluorescence in those pH ranges which correlate 
with carbamate existence. Even more important, these 
pH ranges happen to be 1n the exact range of blood pH~ 
Human blood tends to average at about pH 7.28 and the 
peaks observed for ethyl car-bamate occur at pH 7.25. 
17. 
Not only does this fit the pH·range oJ'.. carbamates but it 
facilitates the study of the problem because it occurs so 
near blood pH. At this point it was definitely felt that 
ethyl carbamate exhibited fluorescence, however, care 
was. taken to prove this. Ethyl carbamate decomposes 
upon heating to give urea. Urea is definitely fluores- 
cent in character and it was felt that measurements made 
on ethyl carbamate were questionable. However, measure- 
ments were made on ethyl carbamate in which solutions 
were not heated at all and the fluorescence persisted. 
A strong point in favor of ethyl carbamate fluorescence 
is that its fluorescence drops off past pH 9 (Graph II), 
while that of urea does not. 
Finally, Graph III shows the results after continued 
recrystallization. The plot shows improvement in linearity, 
which may be due to better technique and better purity of 
material. In all cases, ttte-~ puN.'.f"t~a ethyl carbamate was 
seen to give higher readings. 
Throughout the entire set of data, sensitivity was 
kept at a minimum to insure that small amounts of 1mpur1t1es 
would not interfere with the fluorescence of the carbamate. 
At th1s point the fluorescence of ethyl carbamate was 
substantiated and subsequent studies of glycine, glycyl- 





















GLYCINE AND GLYCYLG~YCINE FLUORESCENCE 
The models used for hemoglobin, glycine and glycyl- 
glycine, were studied for initial fluorescent data. Exc1 ting 
at 254 mu and emitting at 405 mu with a sensitivity of 
lX, the following data was obtained: 
Table Number IV 
GLYCINE FLUORESCENCE 


















Table V Continued 
GLYCYLGL1CINE FLUORESCENCE 










PH studies were run on glycine and glycylglycine 
with an excitation filter of 2.54mu, a secondary emission 
filter of 510mu, and a sensitivity of lX. The reliability 
of the following data is questionable as to glycine purity, 
but time factors made reruns impossible: 
Table VI 
GLYCINE PH DEPENDENCY 
Gl;tQine ~Cf wt 1 l Iili Dial 
0.50 4.2.5 61.0 
0.25 4.20 37.0 
.12.5 4,22 JO,O 
.062 4.20 27.0 
0.50 6.22 74.5 
0.25 6.21 J.5.0 
24. 
Table VI Continued 
GLYCINE PH DEPENDENCY 
Glycine{% wt.) lili. Dial 
.125 6,21 28.5 
.062 6.21 19,5 
0,50 7,11 70,0 
0.25 7,12 35,0 
.125 7,13 25.0 
.062 7,11 12.0 
0,50 7,32 73,5 
0.25 7,32 35.0 
.125 7,32 24.o 
.062 7.32 18.0 
0,50 8,00 66.5 
0.25 8,10 JJ.5 
.125 8,10 lJ,0 
25. 
Table :VII 
GLYCYLGLYCINE PH DEPENDENCY 
Glycylglyc1ne(% wt.) 12.tl ~ 
s.o 4.90 21.0 
2.5 4.50 14.o 
.125 4.38 8.o 
.063 4.28 8.0 
5,0 6.02 36.0 
2.5 6.08 24.o 
.125 6.10 12.5 
.063 6.15 a.o 
5.0 6.78 23.0 
2.5 6.98 20.0 
.125 7.02 15.0 
.063 7.10 7,5 
5.,0 7.00 as,o 
2.5 7.20 11.5 
.125 7,30 14.5 
.063 7,35 7.5 
5.0 7,20 36.5 
2.5 7.50 22.0 
.125 7,70 11.0 
.063 7.80 30.0 
26. 
After initial pH studies on glycylglyc1ne and glycine 
(shown in graphs V and VI), pH stltdies were performed in 
conjunction with carbamate formation. The results are 
shown in Graphs VII and VIII, and apply to glycine and 
glycine butyl ester. 






GLYCINE, GLYCYLGLYCINE, AND THE GLYCINE ESTERS 
Graphs v and VI show the pH dependencies of glycine 
and glycylglycine respectively. In both cases, the fluo~ 
rescence measurements do not vary considerably with pH 
in the critical ranges studied. Curve l of Graph VI 
shows an unexplainable jump 1n fluorescence. Upon re- 
checking several times, the rise persisted and reproducL- 
b1l1ty of the point remained. 
Solutions of glycine, glycylglyc1ne, glycine methyl 
ester, glycine ethyl ester, and glycine butyl ester were 
examined at various pH's before and after carbon dioxide 
was bubbled through the respective solutions. 
It must be remembered that the objective sought was a 
difference in fluorescent properties between the various 
compounds and their respective carbamates. Although not 
thoroughly quantitative, the results could be further devel- 
oped with more time. 
Graphs VII and VIII show fluorescent properties and 
pH dependency for glycine and for glycine butyl ester, 
both before and after carbon dioxide trialse At the 
point the research was terminated, pH dependencies were run 
on the other esters and also on glycylglycine. The methyl 
ester showed little or no differences, while the readings 
for the ethyl ester were erratic and unreliable. 
J2. 
Glycylglycine showed a guench1ng of fluorescence after 
carbon dioxide was bubbled through, but the effect was 
not appreciable. 
JJ. 
DISCUSSION ,OF RESULTS 
It must be remembered that in all discussions of 
fluorescence there is a necessity for absorption. It 1s 
for this reason that ultraviolet spectra of the compounds 
discussed are presented in the appendix(see appendix). 
With the compound ethyl carbamate, there is now 
definite evidence of fluorescence. Fluorescence also occurs 
with the simple amino acids such as glycine and glycyl- 
glyo1ne. Most important, the data shows definite differ- 
ences between the compounds and their respective 11carbamates. 
These differences occur with solutions of glycine and glycine 
butyl ester after carbon dio~ide had been administered to each 
respective solution. Since the carbon dioxide bubbled through 
the solutions was periodically checked to see if fluorescent 
material was carried into the samples, and the fact that 
these checks proved negative, point towards the possibil- 
ity that it is the formation of a carbamate on the terminal 
nitrogen groups of these compounds which is causing the 
additional fluorescence. 
In an attempt to explain possible causes for fluores- 
cence while correlating the ethyl carbamate ester to glycine 






for gly6~ne carbarnate) 
The ethyl oarbamate seems to fit the possibility 
of a ring structure. At pH's around seven water exists 
as a complete molecule and this is exactly where optimum 
fluorescence occurs. A peak for glycine carbamate (graph 
VII) ,'""·an.so shows correlation for this trend. The ring struc- 
tures are presented only as suggestions for fluorescence, arid 
not proven explanations. It was noted finally that phenol 
~mh1b1ts the fluorescence of ethyl carbamate, either by 
interrupting the ring structure, absorbing the energy 
itself, or by an unknown mechanism. 
)5. 
SUMMARY .AND SUGGESTI0NS FOR FUTURE WORK 
The original purpose, to apply fluorometric techniques 
to the explanation of the carbamate reaction as a con- 
tributor to carbon dioxide pick-up in hemoglobin, has 
been achieved to a limited extent. 
The pH dependent mechanism of ethyl carbamate, the 
fluorescence of the amino acida and their esters, and the 
subsequent change in fluorescence upon addition of carbon 
dioxide, all show definite similarities and encouraging 
possibilities for future work. The models proposed for 
hemoglobin are definitely 1n conjunction with those used 
in the literature and the compounds exhibit fluorescence 
which 1s measurable. Reproducibility data was limited by 
time considerations. 
It is hoped that work could be carried ona A de~inite 
need would be access to a scanning spectrofluorometer, 
which would show maxima of the compounds being studied, 
thus facilitating the entire project. All chemicals 
should be purified and care taken as to technique. 
The phys1olog1cal importance of carbamates might be 
appreciated more fully if a method using fluorometric 
techniques could be developed and used. 
~-· 
APPENDIX 
The following spec br-a are presented to illustrate ultra- 
violet absorption of the various compounds discussed. 
These spectra help to show the reader where the various 
molecules absorb energy, thus giving a strong insight 
as to what wavelengths they should be excited so that 
fluorescence is obtained. Also presented are the prin- 
ciple filters used in the analysis. 
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